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SUMMJLRT 

The present report it concerned with a theoretical study of the 
response of a linear two   terminal network to a frequency pulse modulated 
wave,  if this network is followed "by an ideal discriminator.    We hare assumed 
the modulating function to he of the form 

8(t)    » i x 
i * (>>tr 

where t is the time varlatle, and n a parameter characterizing the "duration 
of the pulse". 

In Section I the response r(t) of a general two terminal network 
is found for the special case when  A »0/3* it an integer, where A a>Q ij 
the deviation from the carrier frequency »  . 

In Section II the output of the discriminator r^(t)  is determined., 
under the assumption that  A eo^/^i • 1.    It is shown that such hypothesis 
corresponds to  cases of practical interest. 

Section III  is concerned with expansions of the exponential inte- 
gral of complex argument.    This function enters in the expressions of r(t) 
and rd(t). 

In Section IT tho formulae obtained in Section II are specialized 
for the ease of a single parallel RLC circuit toned on the carrier frequency 
r  .    It is assumed that 2 m0 >>M> and 2 mQ >>v, whsre 2v is  the total band- 
width of the circuit between half power points. 

In Seotlon V asymptotic expressions are derived for the cases of 
*/li—*oe   and w/)i—*0.    For w/n—>oo   it  is found that vhat time dependence 
of 7.(t) approaches 8(t) as, of course,  it should be.     In such a case, the 
pr.rallel tuned circuit degenerates in to a pure resistance (*<r » oo ),  If it is 
assumed y, 4 o.    In deriving these asymptotic expressions the assumptions pre- 
viously made are of course maintained.    For instance,   it  is always assumed 

Section TI is concerned with numerical computations, based on the 
frrsulae obtained in Section 17.    Calculations have been carried out for 
-4<nt<4, and for w/n —*co , 10, U, 2, 1, O.U, 0.1, 0.01—>0.    These cal- 
culations show that the time dependence of v^vt) is very similar to that of 
the modulating function 3(t), provided W/IA >l.    If w/i* <1 the input signal 
becomes very distorted,    We can say that for oo >w/t* > 1 the output Is similar 
to the input,  i.e. l/l+(pt)2>    for 0.1 < w/j* < 1 the output is very critically 
d->p«H,?nt on time, and therefore difficult to calculate.    In the interval 
0 <w/n < 0.1 the output does not vary too much and it is similar to that given 
by the asymptotic formula for w,V—*0, i.e. i*t/l+(^t)2. 
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Introduction 

Transients solutions for linear networks,  subject to a frequency 
modulated driving function, have been obtained for a few typical oases. 
Salinger^ consider* the response of an ideal band pass filter followed by 
an ideal discriminator,  to a frequency "step".    Gold2 extended Salinger's 
solution for the case of a frequency "square pulse".    Eosr and Ikstein and 
Sohiffman    have investigated the response of a linear network, without dis- 
oriminator,  to a lineaxly increasing frequency. 

The solutions recalled were possible in virtue of the simplicity 
of the modulating function chosen.    Salinger picked the simplest type of 
modulating function, i.e. a constant (in Heaviside'e sense).    Eok considered the 
next function in order of complexity,   i.e.  the linear function. 

It seems therefore natural  to ask:     Is there dome other type of 
simple modulating function which, besides being of practical interest, will 
lead to  integrations which can be handled?    If one considers the formal ex- 
pression for the response of a general linear network subject to a frequency 
modulated driving function, it is easy to see that modulating functions of 
the form 

1 S(t) 2    2 + IT V- 

where t represents time and p. a parameter, lead to expressions which can be 
integrated, at least for values of the frequency    swing    integral multiples 
of 2}i.    The function S(t)  is also suitable to represent a "pulse",  which is a 
type of modulation of practical  importance.    We have therefore chosen this 
function for our investigation. 

H. Salinger, "Transients in Frequency Modulation", Proc.  I.R.X., August, 
19^2. 

o 
B. Gold,  "Transients  in Frequency Modulation", Report B-154-1+7, PIB-103, 

Microwave Research Institute of the Polytechnic Institute of 
Brooklyn, I9U7. 

'    0. Hok,   "Response of Linear Resonant Systems to Excitation of a Frequency 
Varying Linearly with Time", Jour. App. Phys., March 19^8. 

U 
H. Ikstein and T. Schif fman,  "Response of a Linear Network with a Linearly 

Variable Frequency as obtained In Sweep Frequency Test", Pro- 
ceedings of the Rational Electronics Conference, Vol. VII,  1951. 
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8ectlon I    -    Response of a Two Terminal Setwork 

The response of a two  terminal network oan be expressed, by means 
of the superposition integral, as follows 

r(t) 
" -oo 

f(r) g(t - T) <ir (i) 

where: 
r(t)  is response 

t{t) is driving function 

«Kt)   is  the Green's function,  i.e.  the response of the network in 
question  to a unit Impulse.    The lower limit of the integral has been assumed 
to be - oo   since the function f(t-)  that we shall consider starts at t a - » . 

Tor a non-impulsive network the Laplace transform of g(t), that we 
shall Indicate with 0(p), is a proper rational fraction, and oan he expanded 
as follows: 

«»> • E T^: (2) 
8=1 8 

where p    are the roots of the denominator of G{p),  which are assumed to he all 
distinct.    We now assume a complex driving function of the form 

je(t) j(« t * A •  f      s(t) dt) 
f(t)    -    T   e -    7n e      ° °    ^ (3) 

The instantaneous frequencyt if defined uniquely, since F is constant with 
time, as 

££ =  »o  +  A «o a(t) 00 

If now we assume 

8(t)    - 
1 • (Mt)' 

(5) 

the frequency of tin, driving function will vary in tns pulse like »«nner de- 
picted in Pig. 1. 

Jig.    1 
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Since   J^  8(t) dt * - (tan     nt • ^)    Iq.  (3)  can lie written: 

f(t)   -re0* 2   -1 (6) 
0 

If now the function (3)  i> applied to  the  two  terminals of the 
eystaa (2),  the typical •  component of the response can he written, by usin£ 
the eaperposition integral, as follows 

p t  rt      -p.r_ 
r     »   A      e • •   "    f (t ) It s * J -00 

and using Iq. (6) * 

P*    ^       * ("."* • i -"r-2 tan"1 nr 
-    T     A    e a       1 e      S •* dt (7) s 0      s J -co " r 

Where we hare let 
A » 

j  2.   I! 

r. - J •« - p. ^ - Toe   *   2 (8> 

if now we recall that 

«.    -1 - 1    ,        1 •»• J Z tan      Z   a        • IOK • ' 2 j      *    1 - j 2 

Iq. (7) hecomee A 

s _°      • J-00 1 - J nt' 
ar (9) 

The integral appearing in Iq. (9)  can he easily evaluated if A «0/2V» is an 
integer.    If we let A ®J-\k m <!• ** are concerned with the following integral 

To transform this integral we notice that, in general, we can write 

(1 - l)* 8-1 (Z - l)2 (X - l)q 
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where 

H 
(q - r)t    dZ( ^••^ L p - l, 2, ... q (12) 

eince the function on the left tide of *q.  (ll) has a pole of order q at 2=1, 

Performing the differentiations  indicated in Iq.  (12)  we get 

r q - r' 

Xq.(lO)  therefore become* 

,t 

j 
f"    (f±4^)<l    e1"**    dt 

«/ -oo   1 - J (*t' ^•Cw*' r.» dt 

• "M- tdt--.* IT: 
-   4 t-i 

4^  * H    -1—  —A 
i)2   3 (J,)2 (j**)3 

.. » 

Letting now 

2   .   t «. A .     Z -   .24 .  4 

i » 
q   On)*"1   (£••)*_ 

.  4 

ft 
dt 

t -   •* t   •   ! •   4 ,    dt • di 

we get 

^fKW)1^--^.-^.^*^^* 
9J2 * »1      1 *«   1   •  'a 

(J  ^ I*'1 

2i        , -i    [z 

:J>)* sqJ 

(13) 
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where the path of integration in the complex Z plan is indicated in Fig. 2. 

', At/S 

Z .<=>{.AA/£ 

Fig.    2 

>f/^/   xU'/O1 

All the integral! appearing on the right hand tide of Iq. (13) oan 
he expressed in terms of the exponential integral 

no/***)    r,« 
l     »    I        + J I.        =.\ *-=—      dZ • r,s      J    i.s J Z <1>0 

this is apparent if we recall that in general 

rz 
r.« i   1 dZ,-e    •    Mr 

r •"- m-2 
1 1       . '   • 1     . s 1   V 

m-1    jB-1 * (n-l)(m-2)    jB-2      "'*      (m-1)!    Z ; 

dZ a > 1        (15) 

Bq. (15) is obtained "by successive integration by parts.    In applying this 
formula to Sq.  (13) we have to recall  that 

Be  [  r.   ]   "   R.  ["P.]  >° 
and therefor* 

r.» when       He £zj. -  09 
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By Inserting (15) into (13)  we finally attain the following 
expression for (9) 

pt«* r 

2 H      r q   La. 
q-i 

(ju)«    (q-l)l 

•*•  • r,.,U. 21L • H 
g>I3     x        g3*^(l   _L 

(J*)2   t + jj      (j *)3     2   (t*jf)2 

2      (t + J) " <»*    ^    (t + jl)*-1 (q-l)(q-2)   (U i)q"2 

•f   ... • 

r <l-2 
_a L-. 
(q-l)l    t + jj 

) (16) 

Xquation (l6)  shovs that the response of a general network to a 
frequency nodulated driving function,  whose modulating function is of the fore 
(5),  can he expressed in terms of exponential integrals of complex argument, 
provided the ratio A vj<£* is a positive integer. 
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8eotloa II    -   Output of the Ilmltor-Discriminator 

Equation (l6) gives the ith oompoaent of the response.    What Is 
usually required, however,  is the output of an ideal limiter-discriminator 
network, to which the response of the system is applied.    For ideal limlter- 
discriminator we mean a device, which first reduces the amplitude of the 
applied signal to a value constant with time (limiter), and whose output is 
proportional to the time derivative of the phase of this constant amplitude 
signal (discriminator). 

formally it is a simple matter to find such derivative, hut to carry 
out the actual calculations Is usually very cumbersome. 

In general, If we write the response as 

"=(t)  -  Y" TU - }T  (HS + J x§) 
' s-1 

UJ! (17) 

Its phase angle can he written 

and therefore 

X   11 
dt 

1 *ft¥- - *« 

(18) 

(19) 

where I is a constant which is dependent upon the characteristics of the dis- 
criminator. 

Prom the preceding section it is apparent that to derive a general 
expression for the response r^ for any Integer 4 is a very complicated matter. 
In what follows we shall therefore only consider cases where 

A»0 

2 » (20) 

That such an assumption refers to  cases which can be of a practical 
importance can be easily shown. 

From Zq.  (5)   it  is evident that we have to define the duration of 
the pulse.   1 reasonable definition for this quantity can be the following: 
The duration of the pulse is defined as twice the time T necessary to reduce 
S(t) from 1 to l/lO.    Using this definition we can relate n with the duration 
of the pulse 2T.    We have 

0.1 

or 
1 • (IAT)' 

(a) 
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Tor a pulse duration of 1 n see (2T » 10"    tee), we get from Iq. (2l) 

V.   =    6.106 

and talcing into account Xq.  (20) 

A to     a    12.1C    rad/aec. 

In other word* with a pulie duration of 1 p tec,  to fulfill condition (20) 
the frequency deviation must "be ahout 1.9 Mc/aec. 

Assumption (20)  simplifies rery muoh expression (l*>), and we bar* 

,,.ir    r \ «i * *) -1 
r.   -    -A.»   .'•     "'•       ,4l   -   *A=^  (28) s so 

J" since aocording to the second of (8) F^ • 7 e* » - F . If now we let ^» '    0       o 0 

P,   -    -<g   •    Jpt . AB   -     I Ag| e (23) 

and recall  •he first of (g) and (l1*), we get 

s o    s     l_    r,s      "    i,s' li 

V*   J   («o   _    W J(*8  *°0   *>' 

«*'•  (»o  *   A>" J 

The second term of this equation is easily recognized to he the steady state. 
Separating the real and imaginary part of the right hand side of 3q.  (2*0 we 

e •      *    r 1 
S O1   B1 

(25) 



em 

9 
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*.   '    VV °2 
-^t       + 

14 I-  I        cos Y   •  I.       sin Y     | 

<.2*<°o -*>' 
E-o-/5.) — *.• -. •IB £) 

where 

'. - A * * •.+1? d m       4      +   « and <s*     •    0   • «D    t • Ts        o 

(26) 

(27) 

the derivatives of 1   and X   are at follows: 

*1 -*J*l2 

"oil 
9     * 1-S 

• 9     • H 
til.    tin Y •!'    ooa Y +/l      cos Y +X«      tin Y   } (_'• i,s •    i,s •  ~s r,s •    r,s tj 

V^ljl.."- VXr..,la Y.]p Jl^fjf [%VtoWv#"'4] 
(28) 

v/. 
X' « J  |l|2 -2  <e    •   fit I    _iin Y -I»     cos Y •/ I,    oos Y • !»      sin Y   | 

-* •    '   l-I      oos Y *X.    sin Y  I + —-—2 2   L (» -A )eiui~»< m cosil 

(29) 

Formulae (25),  (26), (28),  (29), together with (19), allow the oal eolation of the 
output of the limiter-disorininator, when the network in question is driven 
hy the function (6), and A »0/2M = 1. 
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Section III    -   Expansion* for the Integral (lH)_ 

The Integral (l4) can 'oo easily transformed Into a standard form as 
follows: 

j/n+t   ^t2 

J-oo+4 
where 

r X       -2 
V    42 (30) 

i+oo - A) r 

x - - r < i• *)• - [^- J(«0 - /^)] (^ • *) (3D 

is N    +    j J    .   f « 

H - Ht • i-l£ i . ^ . (,o .^) t (32) 

lov M hare 

oo 
10«x-/o  H^^   "   °+*f*- ^(-DB^   £? (33) 

where C « O.5772 la the luler-Masoheroni constant. 

Since the path of Integration does not encircle the origin (?ig. 2) 

log X   »    log f * J 8 (3U) 

we can therefore write 

I.I * J I, - 0 «. log f * £ (-!)»   £-- 00. . e * ig • £ (-I)" jCy «la B9J 
Bail Bfc»l 

(35) 
• useful asymptotic expansion for the integral (30)  is easily obtained by suc- 
cessive integration "by parts, and it is the following 

x~- v (1-¥••¥- V* •••• > (3g) 
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Zt is easy to derive an expression for I'  whioh appears  in Bq.  (28) 
andlq.  (29) 

,..u.iti|.^L.<(..()l.    -<-JK-,9)  
dt     dx    dt     K   L.        °    U *~ - fi       r—, "i 

-X 

o<t 4- 

(37) 

Section IT    -   Single Tuned Circuit 

We want now to apply the formula of the preceding section to cal- 
culate the output of the discriminator, for the case sketched in Fig. 3. 

(()[ U c   vm 
T 

vdlt) 

-t//wf* arsce/WMTOJe 

*ig.   3 

We shall assume that the circuit is  tuned on the carrier frequency OD   » —— 
and °    JLO 

2 ». 

T »1 (3s; 

uhere 2w is the total bandwidth between half power points.    The current l(t) 
is the complex driring function, and its expression, if we assume T   a 1 and 
A »ft/2»* » 1, follows from (6) 

Kt) .J["c t • 2 tan -1 " • i] (39) 
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Iron (2)  we hare 

<Xp) - h 20 £ i r-   p-pi rtS-) 
0 U R2C2 

idler* 

(HO) 

2RC ±J   /»b 
k HCC 2„2 (Ul) 

Introducing nov the Q of the circuit, we hare 

S 
(O 0 

"o 1 
F3 °   25c 

~ " w ± J •« «»>* £ <rhr • rhr> 1 2 

With reference to formulae (25), (26) and (27), we recognise that 

IV - is • - v , j a     <f  CO 

^2 "   ° 

1 
*1   "    *2   *    ° '        Y   "   * "0 * " a    ' 

a     +  «      t 
••     0 

VK) 

iky) 

Xq. (17),  taking into account (24),  (U2),  (U3), becomes 

2 ,    r .      -wtfJY, J'l 

2m 
-wt • -* • J Y 4i w 
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where, recalling Iqt. (31) and (32), 

^   » - (wt * j J) X2 -j8. - wt - j (a.0 % •   J) (U5) 

We nov want to Investigate the magnitude of the term containing 
I (O in Sq..  (UU), and compare it with the magnitude of the term containing 
!.(&.),  in order to tee if tome (implication it possible. 

In the following we shall assume that 

2 B» 

>>1 (H6) 

Left start investigating the term oontalning I_(X ).    We hare 

[<^)2 • C«)2 * (a., t)2 • (J)2J1/2   > 
a». 

W 

Comparing (U7) and (46)  we can conclude that   |X   |>>1.    Jrom Iq. (36) we get, 
for the magnitude of the term containing I?(X ), 

a» 

21JXJ i e •*        2 

I    2    2' |l> 
.2 

u     Stn "o 
(U«) 

Let'a now investigate the term, containing Z.(X.).     We have, letting Z = f - j ~, 

*i(v 2 
-wt • JY. -wt /^-wt-J ^ 

•oo-jj     " 
dZ 

-vt    -Cf-jJ) 

•00 FT? •? 
2    -wt 

-wt, -(f-j?) 

*?• •00 i-i* *! 

A-Wt -  f p-Wt § 

ce) 

!'"••» A .*Wfr-t-3i:. 



- 
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Sine* in yirtue of (3S) 

±-<<* 
•© w 

v* can conclude that, in Sq.  (44),  the term containing Xg(0 oaa "be neglected 
in comparison with the term containing ^(^s)*    With thif simplification, and 
keeping into account (}Z), we easily ohtain the following expressions for the 
real and imaginary part of v(t): 

B - & \ [5 •'"* (I1.1 - I - Xr.l 'ln ?> * i] — ". * 

or letting 

we can vrlte 

or 

Except for the constant low can therefore write 

(50) 

•In .0 * f (51) 

i [{••"* f'i.1 - Jf - 'r.1 •*» 2) * i]        <« 
B   '   £  S'"rt(It.l'«»?+Ir.l'"5) (53) 

S   a    A cos o    t + B sin o    t (54) 

X   =  -B cos CD    t + A sin OD    t (55) o o 

£   .    /a2 * B2      cos (oo t  - <r) f « tan"1 | (56) 

X   -   \jk2 • B2      oos (»„*•?-•) (57) 

*e   «    " *   75* (58) d dt 
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or 
v - V 

V*>   -   -    ]z     J      2*CI (59) 

^    - 20 v A - 2 J 6    "     [i^X)   cot J - Ir(\)  sin j] + 1 (60) 

Bx    .2CwB»2*e    **     lljU)  sin * + yx) cos £1 (6l) 

and taking into account ths firat cf Iq.  (45) 

2CA<     -    - A. • 1 -        2 (62) 
1 1 • ud 

? C B»    »    - B.  • 2        U    a (63) 
X 1 • Md 

where we have 

It t (64) 

Section T   -   Aeyiptotlo Foraulao 

It is now interesting to investigate the form    that Iq.  (59)  takes 
when w—•00 or w—vO.    The first case obviously corresponds to the case of 
a pore resistance across  the current generator (see Tig.  3)-    •*• expect there- 
fore to find v. proportional to the modulating function (5).    The second case 
corresponds  to a lossless parallel  tuned circuit across the current generator. 
However,   1B this case the form of v.  is not so obvious as  in the first ease. 

To find the asymptotic formula for v. when w—>cowe use the asymp- 
totic expression (36)-     In order to get a remainder for the quantities A^, B., 
A*, B*   that vanishes at least as  iVv,  we have to take two (or more)  terms of 
the expansion (36)*    Proceeding in this way we get 



"SS-^tB^jK.*-,.,.,•. 
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A,   -   -  -L-+i.i»ft—JL_+oA) (65) 
^ Uu2 * (1 • u2)2 w2 

B.    -    -^   -    2 5       l'f2 • 0 (JL) (66) 
1 1 * u2 *    (1 • u2)2 w2 

2 C A'    -   + 4 £ tt   g%g   * 0 (-^) C67) 
w  (1 + xrr w* 

2o B»   -  • 2 £    x- ^      * 0 (J*-) (6s) 
*   (i* u2)2 v2 

Introducing these expressions In *q.   (59), and keeping only the tern of lowest 
order in i»/v, we get 

11*       rd(t)    -    21*    2-- (g9) 
V—»oo 1 • u 

the right hand side of Sq. (69) is simply d/dt (2 tan \xt)  i.e. the modulating 
function 8(t).  Zt should be noted that the asymptotic expression (69) could hare 
also been obtained by Introducing the first term of Iqs. (36) in (60) and (6l) 
and then eraluatlng C a* and 0 !'. Such a procedure is equivalent to differ- 
entiating the asymptotic expansion (36). In this case It is easy to see that 
one term only of th* asyaptotic expression leads to a remainder which vanishes 
at least as u/w. To find the asymptotic formula for w/n—)0, ve use the teries 
expansion (33)* Proceeding in this way, and keeping only the lowest order in w, 
we get 

11*   r      =  -2wK7^-2 - *d,co(t) (70) 
w—>» 1 • u      ' 

Section TI    -    Humerical Computations 

Using Xqs.  (6o),  (6l),  (62),  (63) and (59)  numerical computations 
have been carried out for -U<u=»^t<£U for ttas foUowlngTalues of    W/|A »—>oo , 
10. **»  2, 1, 01*, 0.1, 0.01,—> 0.    The results of these calculations hare been 
recorded in figs. KHI-I3IO6, MHI-I3IO7, KHI-I31O8, MHI-I3IO9, MSI-1311O, MHI-13111, 
MRI-13112, KHI-13II3, MHI-13114 and HBI-13115, where T.  is plotted against u, 
and we hare let T» a T./T.    (0)   .    v. M (0) » 3*1 as 1* Is apparent from Iq.  (70). 1.        0.    a,co c,ac 
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The aaximum positive value of y. has 'bean normalised to 1. To get the aotual 
value of v., i. a. the value (59; divided by 2 u t, the ordinatee of the diagram 
hare to be multiplied by a constant H whose value is indicated in each diagram. 

The numerical evaluation of the integral (30) hat been carried out 
by means of the expansions (35) or (3&)*    *hen possible the values tabulated by 
the Computation Laboratory, 150 Hassau Street, Hew York, N.T. have been used. 
However,  the available Tables are, at present, rather limited, and in particular 
the values corresponding to negative real part of the Independent variable, hare 
not been tabulated. 

The results of the computation for I_(X) end I.(X) have been recorded 
in lige. MEI-13116, MRI-I3II7, MRI-13118, MSI-I3H9, MRI-131120 and HHI-I3I2I. 
In these diagram* the points marked with an arrow refer to the values tabulated 
by the Rational Laboratory.    Tha other values have been computed by us. 

In the computation we have let 

X   •    x   •    J    y 

where 

w w -    —    u y   a    -   — 

Conclusions 

Prom the set of Pigs. HHI-I3106 to MHI-13115 it is apparent that the 
tiwe dependence of r& Is very similar to that of S(t)   if w/n > 1.    This result 
ie interesting since it shows that,  even with a relatively narrow passband,  the 
reproduction of the original signal is still good.    To appreciate this fact con- 
sider a pulse of 10~- sec. and assume for duration of the pulse the definition 
given in Section II.    From Eq.  (2l)   therefore we get \k « 6.10°, so   that in order 
to get a good response it is necessary to assume w >6.10 , or the total band- 
width in cycles greater than approximately 2.10"0/sec.    Figures MHI-13111 and 
MRI-I3H2 show, however,  that it is not safe to operate in the neighborhood of 
w/|» = 1,  since for instance for w/p = 0.4 the response is very distorted. 

It has to be emphasised that the numerical results obtained refer 
only to the oaea of q =»A w A* » 1.     It would be interesting to carry on calcu- 
lations for other values of q and eventually obtain formulae for non-Integral 
•alues (<l) of q.    However, it seems  that the formulae become very cumbersome 
even for values of q •» 2 or }.    It is also doubtful that it would be feasible 
to obtain formulae for q ^3 independent of w * 
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i v || Discriminator response     d(t), of the system sketched 

in figure 3, to a pulse frequency modulated current wave 

MB5&&m&^E^&B5B^&fflBBBBmSB&&* 

of the form  i (t) - exp    (j^t+2nj      dt g 1, for 
ao 

w » 10y 

\m\ where  w   is the half bandwidth of the circuit between half 
power points.     H • 1 
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Discriminator response  vd(t), of the system sketched 

9 of the form  i (t) « exp    co, t+ 2ji \  ^-*~    , for 
IS L •/ K(*it)Z J 
SIS — oo 
? 3=   where   w   is the half bandwidth of thp circuit bet« 

in figure 3, to a pulse frequency modulated current wave 

w « An 

where  w  is the half bandwidth of the circuit between half 
power points.     H* 0.98 
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V ' Discriminator response    d (t), of the system sketched 
in figure 3, to a pulse frequency modulated current wave 

of the form  i (t) « erp     <ut+2ji/   - dt   n     , for   w = M 
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Discriminator response     d(t), of the system sketched 
in figure 3, to a pulse frequency modulated current wave 

of the form  i (t) » exp    ia0t+2nf —d^-9-    .for   w = 0.4*» 
L        J' i+o«ir J -oo   • 

where   w  is the half bandwidth of the circuit between hall 
power points. H * 0. 27 
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